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VIDEO RETARGETING 

BACKGROUND 

[0001] Videos are typically made up of a series of video 
frames that depict scenes and/or objects in a consecutive 
sequence of frames relative to time. Further, most videos 
traditionally have a standard aspect ratio designed to accom 
modate standard video displays for vieWing. Additionally, 
mo st current videos are captured using a minimal standard for 
display resolution. Standard video displays for vieWing vid 
eos have included televisions, projection devices, and other 
display monitors. Currently, a variety of display screens, hav 
ing non-traditional display siZes and aspect ratios, are avail 
able and are capable of viewing videos. 

SUMMARY 

[0002] This Summary is provided to introduce a selection 
of concepts in a simpli?ed form that are further described 
beloW in the Detailed Description. This Summary is not 
intended to identify key factors or essential features of the 
claimed subject matter, nor is it intended to be used to limit 
the scope of the claimed subject matter. 
[0003] Traditionally, videos have been vieWed on displays 
designed speci?cally for the purpose of vieWing videos. 
Hence, videos have traditionally been created conforming to 
a standard siZe and aspect ratio that can accommodate the 
traditional displays. Recently there has been an exponential 
groWth of video availability, for example, through the Internet 
and sent by mobile devices. Further, there has been an expo 
nential groWth of non-traditional displays on devices that are 
capable of vieWing video, for example, mobile computers 
(e.g., laptops), and mobile devices (e.g., cell phones, PDAs). 
These non-traditional displays may have screen siZes and 
aspect ratios that can not easily accommodate a video Without 
some changes to the video. HoWever, direct resiZing of a 
video to a display With a different aspect ratio and display 
siZe, and other video retargeting techniques, often results in a 
poor vieWing experience. 
[0004] Users of videos on non-traditional displays may be 
less inclined to use these displays for vieWing videos With a 
lot of content, or that may require a higher quality vieWing 
experience. Therefore, it may be desirable to have a video 
retargeting method and system that can retarget a video to a 
target display While mitigating geometric distortion and loss 
of video information. 
[0005] As provided herein, techniques and systems for 
retargeting video to a target display (e.g., a computer, appli 
cation WindoW, mobile phone) mitigate geometric distortion 
and loss of video information. The techniques and systems 
crop video frames from a video using a cropping WindoW With 
a same aspect ratio as the target display. Salient content in the 
video may be determined, for example, by using combined 
phase spectrum information from both a temporal determi 
nation and a scale-space determination, generating saliency 
images for respective video frames. Once salient areas of the 
video are determined, cropping WindoWs for the respective 
video frames are detected and tracked temporally. For 
example, a combined coarse-to-?ne search may be performed 
on the saliency images, While improving a spatial information 
loss to resolution information loss ratio, generating desired 
cropping WindoWs for the respective video frames. After 
desired cropping WindoWs have been determined for respec 
tive video frames, for example, cropped video frames may be 
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resiZed isotropically (e. g., scaled doWn While maintaining an 
aspect ratio) to match the target display. 
[0006] To the accomplishment of the foregoing and related 
ends, the folloWing description and annexed draWings set 
forth certain illustrative aspects and implementations. These 
are indicative of but a feW of the various Ways in Which one or 
more aspects may be employed. Other aspects, advantages, 
and novel features of the disclosure Will become apparent 
from the folloWing detailed description When considered in 
conjunction With the annexed draWings. 

DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a How diagram illustrating an exemplary 
method for retargeting a video to a target display. 
[0008] FIG. 2 is a How diagram illustrating another exem 
plary method for retargeting a video to a target display. 
[0009] FIG. 3 is an illustration of an exemplary method and 
system for distortion free video retargeting. 
[0010] FIG. 4 is a block diagram of an exemplary system 
for retargeting a video to a target display. 
[0011] FIG. 5 is a block diagram ofa portion of an exem 
plary system for generating saliency images for video frames. 
[0012] FIG. 6 is a block diagram ofa portion of an exem 
plary system for generating cropping WindoWs for video 
frames. 
[0013] FIG. 7 is a block diagram ofa portion of an exem 
plary system for generating cropped video frames for respec 
tive video frames. 
[0014] FIG. 8 is an illustration of an exemplary computer 
readable medium comprising processor-executable instruc 
tions con?gured to embody one or more of the techniques 
provided herein. 
[0015] FIG. 9 illustrates an exemplary computing environ 
ment Wherein one or more of the provisions set forth herein 
may be implemented. 

DETAILED DESCRIPTION 

[0016] The claimed subject matter is noW described With 
reference to the draWings, Wherein like reference numerals 
are used to refer to like elements throughout. In the folloWing 
description, for purposes of explanation, numerous speci?c 
details are set forth in order to provide a thorough understand 
ing of the claimed subject matter. It may be evident, hoWever, 
that the claimed subject matter may be practiced Without 
these speci?c details. In other instances, Well-knoWn struc 
tures and devices are shoWn in block diagram form in order to 
facilitate describing the claimed subject matter. 
[0017] The purpose of video retargeting is to modify an 
existing video in order for it to be displayed on a target display 
having a different siZe and or aspect ratio than the video. 
Further, in order for video retargeting to be useful, the video 
should be displayed on the target display in a manner alloWs 
a vieWer to vieW the video With minimal information loss and 
With little or no distortion. Currently, most video captured 
(e.g., With video cameras) and commonly available (e.g., on 
the Internet) has a resolution of 320x240 pixels or greater, 
commonly With a “standard” aspect ratio of 4:3 or 16:9. 
HoWever, most mobile device displays have loW resolution 
capabilities, With “non-standard” aspect ratios. Therefore, 
video retargeting is typically necessary for effective vieWing 
of videos on mobile devices. While video retargeting can be 
applied to mobile vieWing (e.g., mobile visual broWsing 
online), it can also be adapted for other services involving 
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smaller or larger displays (e.g., automated lecture services, 
intelligent video editing, and virtual directing). 
[0018] Direct resiZing of a video, for example, to a smaller 
display may not be desirable as video distortion may occur, or 
black bars (e.g., letterbox) may need to be added, Which 
reduces display space. As mentioned above, for a better visual 
experience the retargeted video should preserve as much 
video content as possible While providing distortion-free 
vieWing. Current techniques for retargeting video include, 
identifying salient areas of a video frame and anisotropically 
scaling a cropped image, and cutting pixel paths from an 
image and using interpolation for resiZing. HoWever, current 
techniques introduce geometric distortions due to anisotropic 
manipulation of the image pixels, and may have increased 
video information loss due to a lack of effective quanti?cation 
of visual content. 

[0019] Embodiments described herein relate to techniques 
and systems for video retargeting to a target display (e.g., a 
handheld device, a mobile phone), such that a video may be 
vieWed on a target display having a different siZe and/or 
aspect ratio than the video, With limited or no geometric 
distortion and video information loss. 
[0020] A method for video retargeting that mitigates geo 
metric distortions and video information loss is illustrated in 
FIG. 1.An exemplary method 100 begins at 102 and involves 
cropping respective frames of a video 104 using a cropping 
area having the same aspect ratio as a target display at 106. It 
Will be appreciated that While “the same aspect ratio” is 
referenced herein (including in the claims), “the same aspect 
ratio” is not intended to be interpreted in a limiting manner, 
but is also intended to comprise other closely related ratios, 
such as “a substantially similar aspect ratio”, for example. 
The cropping begins at 108 and involves determining salient 
areas of the respective video frames to produce saliency 
images of the respective video frames. After saliency images 
110 are determined, salient cropping regions of the saliency 
images for the respective video frames are temporally 
detected and tracked at 112. Cropping areas of respective 
cropped video frames 114 are isotropically resiZed to ?t a 
target display at 116. Cropped and resiZed video frames may 
be sent to the target display 120, and the method 100 ends at 
122. 

[0021] In one embodiment of the method described above, 
effective quanti?cation of a video’s visual content may 
include determining saliency of visual content by extending 
spectral residual detection both temporally (e.g., using a con 
secutive sequence of video frames) and in scale space (e.g., 
using a series of differently scaled siZes of a video frame). 
Further, phase spectrum information of a video frame may be 
utiliZed for saliency detection. Additionally, in this embodi 
ment, desired cropping WindoWs may be determined and 
tracked temporally (e.g., searching for a cropping WindoW 
that improves a ratio of video spatial information loss to video 
resolution information loss, then tracking desired cropping 
WindoWs over a consecutive sequence of video frames). Also, 
the desired cropping WindoWs may be rescaled isotropically 
(e. g., scaled doWn While keeping an aspect ratio of the crop 
ping WindoW) for respective video frames, in order to inhibit 
geometric distortion. 
[0022] In one aspect of this embodiment, for example, a 
saliency image of a video’s visual content may be generated 
by using spectral residual of a video frame. In this example, 
phase spectrum information of the video frame may be used, 
instead of magnitude spectral residual, to aid in computation 
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speed of saliency detection. HoWever, using phase spectrum 
information to determine saliency of a single video frame of 
one siZe may not alWays provide an effective saliency image. 
In this aspect, in order to generate an effective saliency image 
one may combine phase spectrum information from a con 
secutive sequence of video frames (temporally combined 
phase spectrum information). For example, a consecutive 
sequence of video frames may have a moving component 
(e.g., an item that is similar in color to its background) that 
may not be accounted for by phase spectrum information 
from one video frame but can be accounted for When the 
phase spectrum information for the consecutive sequence of 
video frames is combined. Further, one may combine phase 
spectrum information from a series of different scale siZes of 
a single video frame (scale-space combined phase spectrum 
information). For example, When a video frame is scaled 
doWn in siZe individual components in the video frame may 
become more, or less, pronounced due to resolution differ 
ences. Phase spectrum information from one video frame 
scale siZe may not account for these differences, While com 
bining the phase spectrum information from a series of dif 
ferent scale siZes may account for these differences. In this 
aspect, one may then combine the phase spectrum informa 
tion from temporally combined phase spectrum information 
and the scale-space combined phase spectrum information to 
generate an effective saliency image of the respective video 
frames. 

[0023] In another aspect of this embodiment, for example, 
desired cropping WindoWs may be determined for respective 
video frames of a video that account for salient areas of the 
video frames and provide a desired ratio of video spatial 
information loss (e.g., loss of the video frame’s content) to 
video resolution information loss (e.g., loss of the video 
frame’s resolution). In this aspect, a siZe of a cropping area of 
the video frame is inversely proportional to an amount of 
spatial information loss. For example, if the siZe of a cropping 
area of the video frame is small, the amount of spatial infor 
mation loss may be large (e.g., if a cropping area of a video 
frame, having a resolution of 320x240, is 60x40 then over 
95% of the video frame’s spatial information may be lost). 
Further, in this aspect, the siZe of the cropping area is propor 
tional to an amount of resolution information loss When scal 
ing doWn the cropped area. For example, if the siZe of the 
cropping area is large the amount of resolution loss Will be 
large When scaling doWn the cropped area. Therefore, in this 
aspect, it is desirable to determine the siZe of the cropping 
area of a video frame to account for both spatial information 
loss and resolution information loss of the eventual cropped 
and resiZed video frame. The spatial and resolution informa 
tion loss are independent of each other, and can therefore be 
determined independently. A video information loss function 
may be represented: 

Where L(V, AV) is the video information loss, LS(V, AV) is the 
spatial information loss, L,(V, AV) is the resolution informa 
tion loss, and 7» is a control parameter. 

[0024] Desired cropping WindoWs may be determined 
using a tWo-step searching and tracking approach. A coarse 
to-?ne strategy for detecting and tracking salient regions of 
the video frames may be utiliZed, comprising an ef?cient 
exhaustive coarse search and a gradient-based ?ne search. 
Although the coarse-to-?ne search is a tWo-step process, 
respective steps may be performed simultaneously. An 
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exhaustive coarse search may be performed over a solution 
space comprising a consecutive sequence of video frame 
saliency images. The coarse search my yield one or more 
coarse cropping WindoWs, Which coarsely determine a loca 
tion of a desired cropping WindoW for respective video 
frames. The gradient-based ?ne search is utiliZed to re?ne the 
cropping WindoW. The ?ne search utiliZes a gradient descent 
step With backtracking line search to determine the desired 
cropping WindoW based on strategy described above. 
[0025] Additionally, for example, there may be multiple 
salient areas of a video frames in some portions of a video. 
Multiple salient areas may not be properly accounted for by a 
single cropping WindoW that attempts to account for both 
spatial information loss and resolution information loss of the 
eventual cropped and resiZed video frame. Therefore, it may 
be desirable to detect and track multiple salient regions of the 
video frames using the techniques described above. In this 
example, if multiple salient regions of the video frames are 
eventually cropped and resiZed for a target device, a “split 
screen” display of the video frames may be utiliZed for vieW 
ing the multiple salient regions. In this example, multiple 
cropped and resiZed potions of the video frame may be 
vieWed concurrently on the target display. 
[0026] In another aspect of this embodiment, for example, 
smoothing may be applied to the respective cropping Win 
doWs to inhibit a “jittering” effect betWeen consecutive 
frames of cropped and resiZed video frames. During cropping 
and scaling of video frames, the portions of the video frames 
are removed by cropping and then scaled to a different siZe. 
This may create a “jittering” vieWing affect caused by crop 
ping and scaling of different areas and siZes of a video frame. 
To deter this affect, and create a more pleasing vieWing expe 
rience, cropping parameters may be introduced that constrain 
the overall change in a cropping WindoW betWeen consecutive 
video frames. For example, a maximum Zooming and motion 
speed, and a maximum Zooming and motion acceleration 
speed, may be applied during cropping and resealing (e.g., a 
cropping WindoW may not be alloWed to move more than a 
designated amount in any one direction, or be alloWed to 
change in siZe by a designated amount, betWeen consecutive 
video frames). Further, an exponential moving average 
scheme may be applied, Which utiliZes a Weighted average 
based on information from a consecutive sequence of video 
frames (e.g., information from older video frames count less 
toWard the average, exponentially). Additionally, postpro 
cessing (e.g., performing global ?tting of smooth trajectories 
on parameters of a cropping WindoW) may help to resolve any 
“jittering” not accounted for by the cropping parameters or a 
exponential moving average scheme. 
[0027] In another aspect of this embodiment, for example, 
cropped video frames may be resiZed isotropically (e.g., 
maintaining an aspect ratio of an original WindoW). In this 
aspect, after desired cropping WindoWs have been determined 
for respective video frames, the cropping WindoWs can be 
applied to respective video frames (e.g., the video frames can 
be cropped to the desired cropping WindoW). In order for the 
cropped video frames to ?t on a target display they may be 
resiZed to match a siZe of the target display. Because the 
cropping WindoWs match the aspect ratio of the target display, 
resealing of the cropped video frames can be performed iso 
tropically so that geometric distortion is limited. 
[0028] One example of the embodiment described above is 
shoWn in FIG. 2. Exemplary method 200 begins at 202 and 
involves cropping video frames of a video 204 at 206. The 
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cropping begins at 208 and involves saliency detection for the 
respective video frames to produce saliency images 214. At 
210, temporal spectral residual mapping occurs, Which 
involves combining phase spectrum information from a series 
of consecutive video images. At 212, scale-space spectral 
residual mapping occurs, Which involves combining phase 
spectrum information from a series of different scale siZes of 
a video frame. After saliency images 214 are generated for 
respective video frames, salient cropping regions of the 
respective video frames are detected and tracked to generate 
cropped video frames 232 at 216. The detection and tracking 
begins at 218 and involves a coarse search for one or more 
coarse salient cropping WindoWs 220 in the respective 
saliency images of the respective video frames. At 222, the 
saliency images, along With the respective coarse salient 
cropping WindoW information, are subjected to a gradient 
based ?ne search for desired cropping WindoWs of the respec 
tive salient images. At 224, the gradient-based ?ne search 
involves a gradient descent step With backtracking search, 
and a search for a desired video spatial information loss to 
video resolution information loss ratio cropping WindoW at 
226. The gradient-based ?ne search 222 produces a respective 
desired cropping WindoW 226 for the respective video frames 
based on the saliency images 214. At 230, predetermined 
smoothing parameters, and/or moving average smoothing 
parameters, may be applied to the desired cropping WindoWs 
for the respective video frames. At 234, the cropped video 
frames 232 are isotropically resiZed to ?t the target display, 
and the cropped and resiZed video frames 236 may be sent to 
the target display 238. Having cropped and resiZed the video 
frames of the video 204, the exemplary method 200 ends at 
240. 

[0029] In one embodiment of the techniques and systems 
described herein, a video may be retargeted to a device’s 
display screen. As an example, a video may be sent to a 
handheld device (e. g., a mobile phone), and a user may Wish 
to vieW the video on the device’s display screen. In this 
example, if the device’s display screen has a different aspect 
ratio and display siZe than the original video, direct scaling to 
?t the display screen may result in geometric distortion and 
resolution loss of the video. HoWever, using the techniques 
and systems described herein, FIG. 3 illustrates an example 
300 of distortion-free retargeting of a video. In the example 
300, the video’s frames 302 are individually cropped using a 
cropping area With a same aspect ratio as the target device’s 
display 308. Respective video frames are cropped 304 based 
on saliency determinations for the respective video frames 
(e.g., the most likely salient area of an individual video frame; 
Where the action may be occurring that is likely of most 
interest to a vieWer). Cropped video frames 304, Which have 
the same aspect ratio as the target device’s display 308, are 
resiZed isotropically (e. g., scaled doWn While maintaining the 
same aspect ratio) to match a siZe of the display 308 on the 
target device 306 (e.g., a mobile phone). In this example, the 
video may be vieWed on the handheld device With little to no 
geometric distortion and little to no resolution loss. 

[0030] A system may be con?gured for video retargeting, 
for example, such that When a user Wishes to vieW a video on 
a device With a display having a different siZe and aspect ratio 
than the video, the video can be retargeted to the device’s 
display With little to no distortion. An embodiment of a sys 
tem for video retargeting is illustrated in FIG. 4. In exemplary 
system 400, a video 402 is sent to a video frame cropper 404, 
Which is con?gured to generate cropped video frames 412 of 



US 2009/0251594 Al 

the video 402 having a same aspect ratio as a target display 
418. The video frame cropper 404 is operably coupled With a 
saliency determiner 406, Which is con?gured to generate 
saliency images 408 of respective video frames of the video 
402. Further, the video frame cropper 404 is operably coupled 
With a cropping WindoW generator 410, Which is con?gured 
to temporally detect and track salient cropping regions of the 
respective video frames. The cropped video frames 412 gen 
erated by the video frame cropper 404 are sent to a video 
frame resiZe 414, Which is con?gured to isotropically resiZed 
the cropped video frames 412 to match a siZe of the target 
display 418. Respective cropped and resiZed video frames 
416 of the video 402 are sent to the target display 418, Where 
they may be vieWed. 
[0031] One embodiment of a portion of this system is illus 
trated in FIG. 5 by an exemplary system 500. Video frames 
502 are sent to a frame rescaler 506, in a saliency determiner 
504. The frame rescaler 506 is con?gured to generate a plu 
rality of different video frame scale siZes of respective video 
frames and send them through a spectral residual detector 
508. The spectral residual detector 508 detects a plurality of 
phase spectrum information from the respective different 
video frame scale siZes of respective video frames, and sends 
phase spectrum information from the respective different 
video frame scale siZes of respective video frames to a scale 
spectral residual combiner 510. The scale spectral residual 
combiner 510 combines phase spectrum information from 
different video frame scale siZes for respective video frames, 
and sends combined scale phase spectrum information for 
respective video frames to a scale/frame spectral residual 
information combiner 514. Video frames 502 are also sent to 
the spectral residual detector 508, in the saliency determiner 
504, Where a plurality of phase spectrum information for 
respective video frames is generated. The phase spectrum 
information for respective video frames 502 is sent to a frame 
spectral residual combiner 512, Which combines phase spec 
trum information from a series of consecutive video frames 
and sends combined phase spectrum information from a 
series of consecutive video frames to the scale/ frame spectral 
residual information combiner 514. The scale/frame spectral 
residual information combiner 514 combines scale phase 
spectrum information and frame phase spectrum information 
for respective video frames 502 and sends the combined 
scale/frame phase spectrum information to a saliency image 
generator 516. The saliency image generator 516 uses the 
combined scale/frame phase spectrum information to gener 
ate saliency images 518 for respective video frames 502. 
[0032] Another embodiment of a portion of this system is 
illustrated in FIG. 6 by an exemplary system 600. Saliency 
images 602 are sent to a cropping WindoW generator 604. In 
the cropping WindoW generator 604 a coarse salient cropping 
WindoW generator 606 performs a coarse search of respective 
saliency images for one or more potential cropping WindoWs 
for respective saliency images, and generates coarse cropping 
WindoW information for respective saliency images 608. The 
saliency images With coarse cropping WindoW information 
608 are sent to a frame salient cropping WindoW generator 
610, Which is operably coupled With a ?ne searcher 610. The 
?ne searcher 610 utiliZes a gradient-based backtracking line 
searcher 614 to perform a gradient descent step With back 
tracking line search of the coarse cropping WindoW informa 
tion for respective saliency images 608, and a video informa 
tion loss inhibitor 616 to select a cropping WindoW With a 
desirable ratio of video spatial information loss to video reso 
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lution information loss. Saliency images With ?ne search 
cropping information 618 are sent to a frame salient cropping 
WindoW determiner 620, Which selects cropping WindoWs 
622 for respective video frames, based on the saliency images 
602. 

[0033] Another embodiment of a portion of this system is 
illustrated in FIG. 7 by an exemplary system 700. Video 
frames 702 are sent to a video frame cropper 704, Which is 
con?gured to generate cropped video frames 714 for the 
respective video frames 702 having a same aspect ratio as a 
target display. In the video frame cropper 704, video frames 
are sent to a saliency determiner 706, Which is con?gured to 
generate saliency images 708 of respective video frames 702. 
The saliency images 708 are sent to a cropping WindoW gen 
erator 710, in the video frame cropper 704, Which is con?g 
ured to temporally detect and track salient cropping regions of 
the respective video frames. The salient cropping regions are 
sent to a cropping WindoW applicator 712, in the video frame 
cropper 704, Which also receives video frames 702. The crop 
ping WindoW applicator 712 crops the video frames 702 using 
the respective salient cropping regions to generate cropped 
video frames 714. 

[0034] Another embodiment (Which may include one or 
more of the variations described above) involves a computer 
readable medium comprising processor-executable instruc 
tions con?gured to apply one or more of the techniques pre 
sented herein. An exemplary computer-readable medium that 
may be devised in these Ways is illustrated in FIG. 8, Wherein 
the implementation 800 comprises a computer-readable 
medium 808 (e. g., a CD-R, DVD-R, or a platter of a hard disk 
drive), on Which is encoded computer-readable data 806. This 
computer-readable data 806 in turn comprises a set of com 
puter instructions 804 con?gured to operate according to the 
principles set forth herein. In one such embodiment, the pro 
cessor-executable instructions 804 may be con?gured to per 
form a method 802 for retargeting video to a target display, 
such as the method 100 of FIG. 1, for example. Many such 
computer-readable media may be devised by those of ordi 
nary skill in the art that are con?gured to operate in accor 
dance With the techniques presented herein. 
[0035] FIG. 9 and the folloWing discussion provide a brief, 
general description of a suitable computing environment to 
implement embodiments of one or more of the provisions set 
forth herein. The operating environment of FIG. 9 is only one 
example of a suitable operating environment and is not 
intended to suggest any limitation as to the scope of use or 
functionality of the operating environment. Example comput 
ing devices include, but are not limited to, personal comput 
ers, server computers, hand-held or laptop devices, mobile 
devices (such as mobile phones, Personal Digital Assistants 
(PDAs), media players, and the like), multiprocessor systems, 
consumer electronics, mini computers, mainframe comput 
ers, distributed computing environments that include any of 
the above systems or devices, and the like. 

[0036] Although not required, embodiments are described 
in the general context of “computer readable instructions” 
being executed by one or more computing devices. Computer 
readable instructions may be distributed via computer read 
able media (discussed beloW). Computer readable instruc 
tions may be implemented as program modules, such as func 
tions, objects, Application Programming Interfaces (APIs), 
data structures, and the like, that perform particular tasks or 
implement particular abstract data types. Typically, the func 
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tionality of the computer readable instructions may be com 
bined or distributed as desired in various environments. 

[0037] FIG. 9 illustrates an example of a system 910 com 
prising a computing device 912 con?gured to implement one 
or more embodiments provided herein. In one con?guration, 
computing device 912 includes at least one processing unit 
916 and memory 918. Depending on the exact con?guration 
and type of computing device, memory 918 may be volatile 
(such as RAM, for example), non-volatile (such as ROM, 
?ash memory, etc., for example) or some combination of the 
tWo. This con?guration is illustrated in FIG. 9 by dashed line 
914. 

[0038] In other embodiments, device 912 may include 
additional features and/or functionality. For example, device 
912 may also include additional storage (e.g., removable 
and/or non-removable) including, but not limited to, mag 
netic storage, optical storage, and the like. Such additional 
storage is illustrated in FIG. 9 by storage 920. In one embodi 
ment, computer readable instructions to implement one or 
more embodiments provided herein may be in storage 920. 
Storage 920 may also store other computer readable instruc 
tions to implement an operating system, an application pro 
gram, and the like. Computer readable instructions may be 
loaded in memory 918 for execution by processing unit 916, 
for example. 
[0039] The term “computer readable media” as used herein 
includes computer storage media. Computer storage media 
includes volatile and nonvolatile, removable and non-remov 
able media implemented in any method or technology for 
storage of information such as computer readable instructions 
or other data. Memory 918 and storage 920 are examples of 
computer storage media. Computer storage media includes, 
but is not limited to, RAM, ROM, EEPROM, ?ash memory or 
other memory technology, CD-ROM, Digital Versatile Disks 
(DVDs) or other optical storage, magnetic cassettes, mag 
netic tape, magnetic disk storage or other magnetic storage 
devices, or any other medium Which can be used to store the 
desired information and Which can be accessed by device 
912. Any such computer storage media may be part of device 
912. 
[0040] Device 912 may also include communication con 
nection(s) 926 that alloWs device 912 to communicate With 
other devices. Communication connection(s) 926 may 
include, but is not limited to, a modem, a Network Interface 
Card (NIC), an integrated netWork interface, a radio fre 
quency transmitter/ receiver, an infrared port, a USB connec 
tion, or other interfaces for connecting computing device 912 
to other computing devices. Communication connection(s) 
926 may include a Wired connection or a Wireless connection. 
Communication connection(s) 926 may transmit and/or 
receive communication media. 
[0041] The term “computer readable media” may include 
communication media. Communication media typically 
embodies computer readable instructions or other data in a 
“modulated data signal” such as a carrier Wave or other trans 
port mechanism and includes any information delivery 
media. The term “modulated data signal” may include a sig 
nal that has one or more of its characteristics set or changed in 
such a manner as to encode information in the signal. 

[0042] Device 912 may include input device(s) 924 such as 
keyboard, mouse, pen, voice input device, touch input device, 
infrared cameras, video input devices, and/ or any other input 
device. Output device(s) 922 such as one or more displays, 
speakers, printers, and/or any other output device may also be 
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included in device 912. Input device(s) 924 and output device 
(s) 922 may be connected to device 912 via a Wired connec 
tion, Wireless connection, or any combination thereof. In one 
embodiment, an input device or an output device from 
another computing device may be used as input device(s) 924 
or output device(s) 922 for computing device 912. 
[0043] Components of computing device 912 may be con 
nected by various interconnects, such as a bus. Such intercon 
nects may include a Peripheral Component Interconnect 
(PCI), such as PCI Express, a Universal Serial Bus (USB), 
?reWire (IEEE 8394), an optical bus structure, and the like. In 
another embodiment, components of computing device 912 
may be interconnected by a netWork. For example, memory 
918 may be comprised of multiple physical memory units 
located in different physical locations interconnected by a 
netWork. 
[0044] Those skilled in the art Will realiZe that storage 
devices utiliZed to store computer readable instructions may 
be distributed across a netWork. For example, a computing 
device 930 accessible via netWork 928 may store computer 
readable instructions to implement one or more embodiments 
provided herein. Computing device 912 may access comput 
ing device 930 and doWnload a part or all of the computer 
readable instructions for execution. Alternatively, computing 
device 912 may doWnload pieces of the computer readable 
instructions, as needed, or some instructions may be executed 
at computing device 912 and some at computing device 930. 
[0045] Various operations of embodiments for retargeting 
videos are provided herein. The order in Which some or all of 
the operations are described should not be construed as to 
imply that these operations are necessarily order dependent. 
Alternative ordering Will be appreciated by one skilled in the 
art having the bene?t of this description. Further, it Will be 
understood that not all operations are necessarily present in 
each embodiment provided herein. 
[0046] Although the subject matter has been described in 
language speci?c to structural features and/or methodologi 
cal acts, it is to be understood that the subject matter de?ned 
in the appended claims is not necessarily limited to the spe 
ci?c features or acts described above. Rather, the speci?c 
features and acts described above are disclosed as example 
forms of implementing the claims. 
[0047] As used in this application, the terms “component,” 
“module,” “system”, “interface”, and the like are generally 
intended to refer to a computer-related entity, either hard 
Ware, a combination of hardWare and softWare, softWare, or 
softWare in execution. For example, a component may be, but 
is not limited to being, a process running on a processor, a 
processor, an object, an executable, a thread of execution, a 
program, and/or a computer. By Way of illustration, both an 
application running on a controller and the controller can be 
a component. One or more components may reside Within a 
process and/or thread of execution and a component may be 
localiZed on one computer and/or distributed betWeen tWo or 
more computers. 

[0048] Furthermore, the claimed subject matter may be 
implemented as a method, apparatus, or article of manufac 
ture using standard programming and/or engineering tech 
niques to produce softWare, ?rmware, hardWare, or any com 
bination thereof to control a computer to implement the 
disclosed subj ect matter. The term “article of manufacture” as 
used herein is intended to encompass a computer program 
accessible from any computer-readable device, carrier, or 
media. Of course, those skilled in the art Will recogniZe many 
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modi?cations may be made to this con?guration Without 
departing from the scope or spirit of the claimed subject 
matter. 

[0049] Moreover, the Word “exemplary” is used herein to 
mean serving as an example, instance, or illustration. Any 
aspect or design described herein as “exemplary” is not nec 
essarily to be construed as advantageous over other aspects or 
designs. Rather, use of the Word exemplary is intended to 
present concepts in a concrete fashion. As used in this appli 
cation, the term “or” is intended to mean an inclusive “or” 
rather than an exclusive “or”. That is, unless speci?ed other 
Wise, or clear from context, “X employs A or B” is intended to 
mean any of the natural inclusive permutations. That is, if X 
employsA; X employs B; orX employs bothA and B, then “X 
employs A or B” is satis?ed under any of the foregoing 
instances. In addition, the articles “a” and “an” as used in this 
application and the appended claims may generally be con 
strued to mean “one or more” unless speci?ed otherWise or 
clear from context to be directed to a singular form. 
[0050] Also, although the disclosure has been shoWn and 
described With respect to one or more implementations, 
equivalent alterations and modi?cations Will occur to others 
skilled in the art based upon a reading and understanding of 
this speci?cation and the annexed draWings. The disclosure 
includes all such modi?cations and alterations and is limited 
only by the scope of the folloWing claims. In particular regard 
to the various functions performed by the above described 
components (e.g., elements, resources, etc.), the terms used to 
describe such components are intended to correspond, unless 
otherWise indicated, to any component Which performs the 
speci?ed function of the described component (e.g., that is 
functionally equivalent), even though not structurally equiva 
lent to the disclosed structure Which performs the function in 
the herein illustrated exemplary implementations of the dis 
closure. In addition, While a particular feature of the disclo 
sure may have been disclosed With respect to only one of 
several implementations, such feature may be combined With 
one or more other features of the other implementations as 
may be desired and advantageous for any given or particular 
application. Furthermore, to the extent that the terms 
“includes”, “having”, “has”, “With”, or variants thereof are 
used in either the detailed description or the claims, such 
terms are intended to be inclusive in a manner similar to the 
term “comprising.” 

What is claimed is: 
1. A method for transforming a video to a target display, the 

method comprising: 
cropping respective frames of the video using one or more 

cropping WindoWs With a same aspect ratio as the target 
display, the cropping comprising: 
determining salient areas of the respective frames of the 

video; and 
temporally detecting and tracking salient cropping 

regions of respective frames of the video; and 
resiZing the one or more cropping WindoWs of the respec 

tive frames of the video to ?t the target display. 
2. The method of claim 1, determining salient areas of the 

respective frames of the video comprising using extended 
spectral residual saliency detection. 

3. The method of claim 2, using extended spectral residual 
saliency detection comprising determining saliency using 
phase spectrum information from a combination of a con 
secutive sequence of frames from the video. 
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4. The method of claim 2, using extended spectral residual 
saliency detection comprising determining saliency using 
phase spectrum information from a combination of a series of 
differently scaled frames of one or more of the respective 
frames of the video. 

5. The method of claim 3, comprising determining saliency 
using phase spectrum information from a combination of a 
series of differently scaled frames of one or more of the 
respective frames of the video. 

6. The method of claim 1, temporally detecting and track 
ing salient cropping regions of the respective frames of the 
video comprising determining one or more desired cropping 
WindoWs for the respective frames of the video using a coarse 
to ?ne search. 

7. The method of claim 6, determining one or more desired 
cropping WindoWs for the respective frames of the video 
using a coarse to ?ne search comprising: 

performing a coarse search over a solution space for one or 
more coarse salient optimal cropping WindoWs from one 
or more of the respective frames of the video; 

performing a gradient-based ?ne search of the one or more 
coarse salient optimal cropping WindoWs over one or 
more of the respective frames of the video; and 

determining one or more optimal salient cropping Win 
doWs for the respective frames of the video based on the 
gradient-based ?ne search. 

8. The method of claim 7, performing a gradient-based ?ne 
search using a gradient descent step With backtracking line 
search. 

9. The method of claim 7, performing a gradient-based ?ne 
search comprising determining a cropping WindoW With an 
optimal video spatial information loss to video resolution 
information loss ratio. 

10. The method of claim 1, temporally detecting and track 
ing salient cropping regions of the respective frames of the 
video comprising using smoothing cropping parameters. 

11. The method of claim 10, the smoothing cropping 
parameters comprising motion smoothness constraints. 

12. The method of claim 11, the motion smoothness con 
straints comprising at least one of: 
Zooming and motion speed constraints during cropping 

and scaling of one or more of the respective frames of the 
video; and 

Zooming and motion acceleration constraints during crop 
ping and scaling of one or more of the respective frames 
of the video. 

13. The method of claim 10, using smoothing cropping 
parameters comprising using an exponential moving average 
scheme. 

14. A system for transforming a video to a target display, 
the system comprising: 

a video frame cropper con?gured to crop respective video 
frames of the video to a same aspect ratio as the target 
display, the cropper comprising: 
a saliency determiner con?gured to generate saliency 

images of the respective video frames; and 
a cropping WindoW generator con?gured to temporally 

detect and track salient cropping regions of the 
respective video frames; and 

a video frame resiZer con?gured to resiZe a cropped area of 
the video frames to ?t the target display. 

15. The system of claim 14, the saliency determiner com 
prising: 
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a frame rescaler con?gured to create a plurality of different 
sizes of the video frames; 

a spectral residual detector con?gured to detect a plurality 
of phase spectrum information from a video frame; 

a scale spectral residual combiner con?gured to combine 
phase spectrum information from a plurality of different 
siZes of a video frame; and 

a frame spectral residual combiner con?gured to combine 
phase spectrum information from a sequence of con 
secutive video frames. 

16. The system of claim 14, the cropping WindoW generator 
comprising: 

a coarse salient cropping WindoW generator con?gured to 
generate coarse cropping WindoW information for the 
saliency image of the video frame; 

a frame salient cropping WindoW generator con?gured to 
generate ?ne search cropping WindoW information for 
the saliency image of the video frame; and 

a frame salient cropping WindoW determiner con?gured to 
determine a cropping WindoW for the saliency image of 
the video frame. 

17. The system of claim 14, the video frame cropper com 
prising a cropping WindoW applicator con?gured to: 

apply the cropping WindoW to the video frame; and 
generate a cropped video frame. 
18. The system of claim 15, comprising: 
a scale/frame spectral residual information combiner con 

?gured to combine information from the scale spectral 
residual combiner and the frame spectral residual com 
biner for respective video frames; and 

a saliency image generator con?gured to generate a 
saliency image for respective video frames. 

19. The system of claim 16, the coarse salient cropping 
WindoW generator con?gured to perform a coarse search for 
one or more coarse salient cropping WindoWs of a saliency 
image of a video frame. 

20. A method for transforming a video to a target display, 
the method comprising: 
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cropping respective frames of the video using a cropping 
area With a same aspect ratio as the target display, the 
cropping comprising: 
determining salient areas of the respective frames of the 

video using extended spectral residual saliency detec 
tion, the determining comprising: 
determining saliency using phase spectrum informa 

tion from a combination of a consecutive sequence 
of frames from the video; and 

determining saliency using phase spectrum informa 
tion from a combination of a series of differently 
scaled frames of one or more of the respective 
frames of the video; and 

temporally detecting and tracking salient cropping 
regions of the respective frames of the video compris 
ing: 
determining one or more desired cropping WindoWs 

for the respective frames of the video using a coarse 
to ?ne search, the determining comprising: 
performing a coarse search over a solution space 

for one or more coarse salient desired cropping 
WindoWs for one or more of the respective 
frames of the video; 

performing a gradient-based ?ne search of the one 
or more coarse salient desired cropping WindoWs 
over one or more of the respective frames of the 

video, comprising: 
using a gradient descent step With backtracking 
line search; and 
determining a cropping WindoW With a desired 
video spatial information loss to video resolu 
tion information loss ratio; and 

determining a desired salient cropping WindoW for 
one or more of the respective frames of the video 
based on the gradient-based ?ne search; and 

using smoothing cropping parameters; and 
resiZing the cropping area of the respective frames of the 

video to ?t the target display. 

* * * * * 


